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I. HAME OF FAULT GROUP
this reeport includes the evalustion of the Werona fault and

rortions mf Lhé Williams. Las Positas. and Plessarton faults.

11. LOCATION OF FRLLTS

These faulis cccur in the northerro third mr Lhe La Cos ta
Uzllew suadrangle and the southern third of the Liwvermore
emadrandle (Figue 1?. The ares lies Just southeast of the Citw
of Pleasanton. Alameda Countw, Califorsisz. Gémlmsicallﬂ, T
wez lies Just mast of the Calaverss fault. and iz immediatels

to tie southwest of the Livermors sl lew.,

I11. REASON FOR EURLUATION

The Vercoma fault is being exsmined asz Fart of CDMG7s
{P—uesr Frodgram for identifwing ard zoning active faulte within
the State of Califormia ¢Hart, 198@). The Usrona fTault. within
the La Costa Usllew auadransle. was zoned in 1374 as rart of the
imitial effort of the Alauisi-Friocle PFGEPamltﬂ zanelthe s o
active Taulis of the State. It was zored on the basis of
mapwzna ba Hall ii?ﬁﬁ?; and, at that time, no Tield maPEing o
asrial ehotograrhic 1ﬂtEFPF9LdL1&ﬁﬂ wer-g carried out bw the COMG
etsff to evaluste Hall s locatiorn fos Lhe fault o the swidence
for recencs of activitd,
| The rationasle for zonins Hall s Uerons Fault was that

the fault was considered to be a probable Buaternarwe fault anc

it w@e CDMG Polic= in 1974 to zone all Guaternars faulte that
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occured withirn the zame auadrasndles that the mador faults of ﬁh@
state occurted im, The mador fault. in thie cage. iz Lhe g art
Calaveras fault, Specificsllw, the Usrons Tault was zorwed o
corwenience rather than because it was considered Lo be a
‘ﬁiﬂﬁificaﬁt Potentially active fault C(Hart, 19880, The current
criteria for zoming a fault. a3s will be srelied b COMG in this
inueatiﬂatiﬂn} iz that it must be sufficisntls active and well 7 
defined. H %ault iz deemed sufficientlw active if lhere is
eviderce of Holocere Crast 11,008 wears) 3ur?ace.ﬂiaplacemant
- along one or more of ite sedgments or hﬁéneh&a.

since 1977, the Uerana Fault;lmr what. is thousht bw Hesd
1977, 1978) and bw Herd and Brabbh{19288) Lo be the Uerona fault.
haa vndergone extensive irwestigation to determine what
rotertial hazard it maw rose to the nearbw General Eléetric'teat
Weactﬁﬁ (GETRY. The results of those ingaﬁtiaatiaﬁa; althouwsh
gtill rortroversial. have cast considerable doubt on the
‘waliditw of the Tault shown on the 1974 Seecial Ehudiealﬁnnea
Maps., La Costa Uallew and Dublin [suadrandles iﬂalifﬂﬂmié
lDiuiainn'nf Minet and Geolomw, 19742, and. therefors, to the
arProrriateness of the specizl studies zore that was established
slong that fault, Therefore, the Verona fault is being
re-ewamined for the Purrose of modifwira the existing srecial

studies zone, if neceszars.
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U.  SUMMARY OF AUATLABLE DATA
A. Hall <1358
Hall marred the Voroms znd Willianms Faulta;‘and‘a.number

aflmther short faulits to the west and south of the Mallecitos
Ualleu‘ahea. These &re 3huth uﬂin5‘é ﬁaliﬁwlinelasmhnla o
Fiauwei?lof this rerort., Of these. he diétuﬁaaﬁ orils the ueﬁana:
fault im his tewt. He partraws the Uerona fault. in cross
coction, as a nearlis vertical fawlt.: ard saws that the riortheast
side of the fault haz been urthrown since the Livermore Gravels
wore derosited, but that the undewlaiﬁa Miccene rochs were
upthrown on the southuwest side of the Tault during sooe earliet
erisode of Tault movenert.

| Hall makes no statements sbout the recencw of movement
along the Verona fault. althoush. on ﬁ;.qz, he saws. "SPrings
and =wmall ronde ccour alons the trace of the Fauit." He does
not. imdicste where these ronds are, or 1T thew are of the tare
that. cmulﬁ hawe beer denerated bz fault mmuemeﬁta such at £ad

Fords.

B. HERD (19777

Herd mareed the Ueroms fault. alona with the Las Fositas
énd Greermille faults that lie Lo ﬂh@ eazt. Those rarts of his
‘ménwed faulte that lie within the zrea under congideration in
this FER zre shown, usind 5 long-dash swwbol, on Fisure 2 of
this rerort. Herd marred the Uerona Tault st s location
different. from that shown bu Hall (1958, In the vicinitw of
| GETR. Heérd mare the fault from 566 metéﬁa to 608 meters Tarither

o the south. To the merthwest, he elobs 3 course Tor bthe faQIt

S
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- that. d1ffar% substantisal 1w from that shown ba Hall.

Herd locates the Uerona fault eesertially at the base of
Lthe eroded sscarement that exterds along the we&teﬁn and south-
western mardins of the Ualléaitoa hilles <the urnamed hilles that
lie to the rorth of Uallecitos Vallew are twrein referred to as
the "Uallecitos hills")., A= a basisz for this fault locstion.
Hord argues <F. 143, "The chanze in eleuétimn im Livermor Gravels
in thé ridge southwest of Livermors Vallew and west of the tidde
cecurs at the eacaﬁwm&nﬁ; not, oblisue to it.” Since he locates
the Uerona fault at the base of the e cawwmenh; he srrarersdt.ls
believes that that is whewe the change in elevation in the
Livermore Gravels occwrs. He cites rMo sFecific ewvidence Tor that
interrretation.

Het-d sawe nothing about the attitude of the fault. nor
does e mertion having seem and exFosures of the fault., He %aﬂﬁ
cp. 14-15) that he cbzerwves no offset alluwsial strata wdunaér
than the Livermore Gravels along the Verona fault. but that
rereated movement #PObEEIH‘QCGUFPEd during Fleistocere Lime.

Herd marred the LaalPuaitaé fault., uhich is & rortheast-
southwest. trending fault that extends from the rorthesstern ﬁart
of Vallecitos Usllew to the Greenville fault at the eastern side
of Livermore Vallews., He IQCthb Lhe Lai Positas Tault, to ihe
rortheast of Arrowo Uslle. on the basis of scares and‘éxﬁﬂﬁuﬁéﬁ.
To the sottthest. of Arrowc Valle, he locates the fault at the
contact betweern the Miocere Clerbo Sandstone and the Pliocene
Livermore Gravels. In that ares. he cites no ewFoSUres of

gqeomor-Fhic evidence for the location of the fault.
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The exrosures of Lhe fault to the rortheast of ﬁrwﬂga
Ualle Eﬂﬁm it to be bigh anale. Herd ¢r. 122 cites evidence for
south-side—ur setse of offset along the LLas Fositas famlt;
including that eart of the fault that lies southwest @F Frrordos
Ualle. He cites evidence for faulting of slluvisl units as wound
a#s late Pleistocerne age, but it iz rot clear from his text
whether he belisves Hnlmnene‘aedimentﬁ‘haua been offeet. b Lhe

fault.

‘C. Earth Sciences. FAssociates (19733
Earth Sciences Associates (ESA) conducted this irpecti-

gation to determine the declodgic setting of the Gerneral Electric
Tost. Reactor (GETR) site., ard the surrounding area;‘fwr L
PUrrose of assepssing the cateta of GETRE with resrect to Heclostic
and seismic hazards. This studwe was Frarticularls concerned with
the epotential fDP‘EHPfaCE fauitinsg at the GETR site, because of
the rromzimits of the Uefﬁna fault-aa‘mapwed bs Herd <1977,

- Thyree trenchee and Lhré@ ﬁnféhalea were excavated oz Part
of thie inwvestigation. Their locations are shown in Figure 3.
Trenches T-1 and T-2, excausted at the base of the main hill
front. both ﬁeuealed\MUltiple shears dierinsg ta Lthe réerthesst
{into the Rill fromto at andles thal are tﬁwicallg Patween 19
and 30 deareesz. Strata of the Plio-Pleistocene Liﬁewmohe Graueia
are thrust over late Guaternses alluwial ard colluvial strata
along these chear zones. The logs For these trenches do not
etrcts Lhe shezr: reredrasting the modero osoil Foeizon. Th& qual
offzet on the erinciral shears canmot be determined Pfam Lﬁe

trench evidence. but Lbe micdimoin walue would have to e at least

ig meters, The log for brench T2 shows that slickensides were

7
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aobeerwved along come df the rortheast—diering shear rlanes. These
slickensides have bearings randing Torm HEHE ia HeBE. The lodHs
for trenches T-1 and T-2 do not. show the Frofiles of the

uriﬂinal grond surf ace ainﬁﬂ the trenches, Theref orre there is |
20=] document.at. i or of the Lorodrarhic charascter of the ground
surface at the rlaces that are on the rlane of Frodection af the
main shears.

Trench T3 was excavated in an anamolous esst-west
trendingd swale loczted urslore ard north of trench T-1. That
trench exrosed ro sidnificant shears. but it was of insufficient
dertty (135 feet) to renetrate the base of the colluvial derosits
filling the swale. The 3 boreholes were excavated betweer
trenches T-1 and T-3, and encourtered the main shears that were
observed in brermch T-1. |

ESA (r. IU-33) atbributes the thrust chears obzserved in
the trenches Lo an ancient large-zcasle lardslide comrlex alonsg
the southwestern side of the Uallecitos hills. and saw (=, U-3)
Cthat there iz no fault along the hill front or in the uiciﬁiﬁu
ﬁf GETR. Their arsument for the exiztance of the anciert
lancielick comelex is based on geomorrthic Teatures and disrurted
bedding in that sres. The eprircirsl geomorehic Feéture iz &
"Mead scare-terich—Loe deomorrhic form” that thew sas is clearlyw
vigibille in werw low altitude cblisue serial Fholos of the awea;
Such & landiorm iz apparéntlw wisibkle in Phﬁtaa Bs s oand S of
their rerort. Thew Eaulthat the landslide has been o modified
 bw ercsional dissection that it is ditficult Lo Pécuﬂnize it as
a landslide on the dround. Theg sugdest that the slide mowemnent

cocurted betuesn 16088 and 40,8088 wears 4o,

g
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ESA zlso Fresents obther ﬁuideneé relevant to the auestion
of whether a fault., eseeciallw & thrust fault. exists in the
wicimita of GETR. Thew cite ewidernce Cr,. IW-23, 240 for ongolind
nortb-couth extensional strese acrosz the Livermore Uallew ares.
baced on a metwork of deodimeter mesturements in the rediom.
Thew alec state ¢r. IU-26» that Uallecitos WVallew and La Costa
Vallew are of erocsional faz oprosed Lo tectonicd mwiﬂiﬁ; arwd that
the relativelw linear souttwestern front of the Uallecitoz Mills
i alio of ercsional origin.

Adderndun 1 (dated AFril 19782 to the EXA (19780 rerort
addreszes some =muestions that were raised informallw by the
Usts.  The most sigmificant of these was lhe areat decrease 1in
thickness of the Livermore Gravels td the zouthesst of Lhe
Ugllecitos hills as cnmpared‘tm the strats bereath the hills.
 'The USG5 arrarently cited thiz ss evidence for the existance of
:the nmrtheéatwtﬁendinﬂ Las Paéitaﬁ fault in thet ares.  ESA
courters that such rarid thirmind near the margin of alluwsial
fam derosits is commﬁna and that, in this case. the éréa'undeﬁ
considergtion has those charscteristices—ibe cource area fuﬁ Lhe
aravels beind the Diablo welift to the southeast and‘the'
derositionsl érea heind the Livermore Basin te the north. ESA
attributes this condition. and not Fsultind. as Lthe cause of Lhe

abrurt. thirning of the Livermore Gravele in that area.



D. Earth Sciences Ha&aaiatea‘{lﬁ?gh "Phase IIVE

Esflt states dr. 1I-10 tha£ the PurrFose of their "Phase II"
etuds was. "...to determine whether the postulated Uerona tault
exizts., whether sir-rholo lireamenis EPDEEiHQ the site are faull
o bedding related. and corroborate previocus Findings that the
low-angle shear planes at the base of the hilifrqnt are landslide
festures rather than fault features.” Trerching was the
princiral irvestidgative method, anﬂ the trenches surplied most
of the ﬁém imformation that wasz dathered during the Fhase 1
shiac. |

Trercth A and subsidiary trenches A1 and A-Z were excavated
ir the Pasc asres about 12,883 fest eazt-northeast of GETR and
south of Highwaw 84 {(gee Fisure 2 for location?. The PurrGies
a#waremtlw; wae Lo exrlore for an eastward continuation of the
Uerona fault that thad been Fostulated bw USGS staft Perawhneln
The tremches revealed a fault in Livermore Gravels striking
HES—-78 and diFring TO-FSNE., ESA saas (. 111280, "fhe thaim
ehear zome exhibitzs well-—develored mullion shesr structure and
stéiatinna trending slong strike and rFlunging i—li desiress
‘nﬁwthwEﬁt; indicating eredominatels strike-slis movement.” Thew
zlso note that adiacent beddinﬂ ir the Livermore Gravels is
warrFed and dragdged in a8 ridght—laterasl sence. . Tﬁeu saw that the
modert s0il Frofile is not affected b the faultins.

Trerch E was excauaﬁed at. the base of the hill front about
15, 600 fest. nﬁrthueat‘of‘GETR Coee Fidure 2 tor location)., The
rurEose of that trench. aerarerntls, was to irwestidate a
rorthwest—trending lineamerdt. near the bate of the hill front,

Lhat cometituted Fart of the svidence uron which Herd C1377)

/0
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based his location of the Veroms fault in that ares. The trench
revealed geveral small northuwest—trending. éauthweap—dippinﬂ
gheéﬁﬁ, but no evidence Tor hish—andle or therust Faultiﬁﬂ‘aﬁ
postulated bu USGS. The trench revealed zome relativelw wauﬁg
northwest—trendingd alluvial channel derosits. and ESA attributes
these. alermd® with near—surface arcund water corditions, as beinsg
the zource of the cbserved Fhotal ineaments in that ares.

Trerch B-1, asbout 1838 feet lond. was a northesst-trending

trench that lag about 386 {fect northwest of GETR (Fidure 32,
This trermch. aerarentlua. was excavated to zllow asnother

‘Eubaurfate look at the bese of the hill front. and Lo
irvestidate a torodractiic lineament that trends sub—rarallel to
the Rill fromt and lies about 288 feet to the southwest mf.the
hill fromt.  Thiz trench revesled thrust shears at the base of
the hill frort that are similar- to those observed in trenches
T-1 éﬂd\T*E. At the location of Lhe tmpmﬁwaphicllineament,‘the
trench revealed no sheare or othet indicaﬁiﬁn of the cause of
that. lineament.

Trerch B-7 iz more or less a southwestward continustion of
trench B-1 ¢Figwe 3. It was excavated Lo examing anobher
northwest~trending torograrhic lineament that lies about 468 fect
to the southwest of the end of trench B-1. This Lwénth revealed
a sidnificant morthwest—trending shear that dies 28 0 36 dedrees
nortteast. This shear, like Lhose al the baﬁé.mf;the hill
fromt., has alsc thrust Livermore Gravels ouer late Qusternars
alluvium ard ool luvivm, This shear is rot at the location of
the obeerwed torodrapbic lineament;‘hut iz about 188 Teet

urslore from it., The swface erodection of this shear iz
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smEsociated with no torograrhic lineaments o dthEP Fealig e,
Esa (p. ITI-233 caws that the Holocene zoil is not of feet b
this shear. Thé log for trench B-2 shows & small sub-Farallel
shear about 4@ feeL‘UFilmPe from the main shear. This small
shear has glichenéidea trerding HaSE.

Humercus short subsidisre trenches to B-2 were ex&éuated Lo
the northwest and southeazt Lo tra&e Lhé cow-se of the mailr shear
cheeruwed in trernch B-2.  The shear wss exrosed b2 these short
trenches for about 406 feet to the nortbuwest and for abouat 206
fest. Lo the zoutheast. but bewoond those Painté it could not e
fourd.

Trench B-% is located at the base of the Hill frond. about
2098 feet due east of GETR (Figure 3). The trench revealed a
zone of shearing zimilar to whal waﬁ oheerwed in Lrerchaes T-1
and B-1. The main shear strikes HEG-E5W Jrarallel to the hall
fiont. ) aﬁd dirs 19 to 268 degrees Lo the northeast tinto the hill
front>. The lag Tor this trench indicates grooves énd striations
or the shears. These indicators of slir movemernt. trend from
HISE to HMSSE. ESA gaws de. I1I-230 th;ﬁ the direction df Lthese
grooves and striations indicates "miner right-lateral oblisue
slir. " It srreart to this writer that thisz 1s erronecuss Lhé
geometiry of these features indibatéa & Fad e LEFT—laL&wal
comroment of offset.

Trench H was a rorth—south-Lrending trench excavated about
2508 feet southzouthuwest of GETR. Its Purrose was to
investigate arother rhotolireasnsnt in the area.  The trench
revealed one tisnificant shear thal strikes HBSW and dirs 28 to

EB cedrees north. Thizs shear. 1ihe the obther erinciral shears
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alreads discovered, shows Livermore Gravels thrust over laste
Auaternary alluwvium and colluvium.,  Groowves and striations orn
thie shear trerd M3EE to H48E. The rhotolineament lies sboul @5
feet downslore from the surface Frodection of the main shear.
The mround surface &b the site of thiz trench had beer graded at
come earlier time., 0 it could rmot be deternined whether the
shesr offset. the modern soil. Older ralecsols were cheerwved to
be offest. In this trench. like a1l of the others. Lthe totsl
affset zlong the erinciral shear cammot be determined from bhe
available evidernce. It sprears, from the trench lod, that the
mimimun of Feet would have to be 18 met @5,

Twe other subsidiarg trenches were dud in an atbemnrt o
fullow the shess zone aslons strike. Trerch H-1, about 56 Feét
to the east of trench H. exrosed the shear. but. trench H-2, amet
258 feet west of trench Hs did not.

Trerhes D, F. and G were all exeauated along the north-
northeast—trending ridde sFuwrs in the hill fromt Lo the ot
of GETR. The Furrose of these Lrerches was Lo seek evidence Tor
the larde—zcale landsliding that ESA had ereviousla rostuladed,
Specificallw, it was hored that theze trenches would reweal
evidence for headwuall srull-awss breaks. and éuidenc@ ot Lhe
mectuarical disrurtion of bedding that o landslide would be
evrected Lo cause. Some ewidence., in the farm of shears. was
fourwd to Eupwhrt L Iaﬁdﬁlide herothesis, but. in genersal.
there was Tar less evidermce than what, wenld have beer exrected
if the landslide exists. It should be noted thet these trenches
"mare nominal 1w 5 fest deer——asz comeared toe nost of the other

trenching which was uzusllz at. least 16 feet deer.
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ESA congludes dr. I-12, "Ho evidence méa disclosed which
corclusivels proues whetﬁeﬁ the shears on the GETR site
originated as the result of larde—scale macs wastind o of
Lectonic Faultind, althoush we believe that the landslide
hurothesics remains the most ressonsble estelanation.™

Regarding recencu of movemert aslons the shearss ESH PIRVERS
(. I-22. "Measuremertes of offset soil stratidgrasrbic marhers
corfirn that rno offeel has occowired on ang of the shear 5urfacea .
withir the lzet 2,868 to 16, 808 wears. aﬁd‘that Lhie mac:imum
amount. of reverse diF-slie mffaet‘within the last 28,000 wears
is less than ore meter.”

Regarding the Las Positat fauli, ESA sowse (r. I1I-15) thatl
the trace marred b Herd (13773 Lo the couthwest, of Arrogc
Ualle; along the Cierbo SandatmﬁeﬂLiuermmw&'Gwaualﬁ &mmtgct, is
in fact an onlae derositional unconformitd. and nﬂt‘a faulti.

- In & more denerasl statement (. TII-152; EEH Sar Lhat the
exiﬁtehce of the Las Positas Tault is rnot surrorted bw exiﬁting‘
geolodic data. |

Redardingd the rorthuwest Frodection of the Verona fault—
toward Pleassanton-—ESA sawz (F. I-12 that evidence from surface
outorors. trenching, seiswmic reflection dsta. and uatﬁﬁﬁwell
data does not suprort the exiﬁtanca of such a fault.

APPEHDIX A to ESA (197931 |

Arpendix A containg s soil-stratigraehic report bw R.J.
Shilsmon. Shlemon recosnizes 4 zoil formaticon-related strati-
dr-arhic maﬁh&rﬁ in the trenches. Trese include. from oldest to
woungest. ¢1) @ dark red buried Paleczol that i3 between V6,360

and 125,800 vears old. (20 s stoneline that is 17,808 Lo 20,000
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wesrs old., (3) a bleached albic horizon that is 16,088 to 15,068
yeare old, and €4) a modern soil that is st least S,868 Lo 135,000
wears old. Regarding the adge of Lhe modern soil. the‘radimcaﬁbun
agses for it were in the range of T,E008 to 4,080 wears. However.
Shlemon estimates the sctual minimum sse Lo ﬁe between O,B80 st
15, 668 wearss the'diffeﬁence is & fuddge Tactor to of et Lhe
¢0ntiﬁuinﬂ cortamination of the s0il by wound carbor.

Shlemon CBE. FA=39) sawe that the shears in tﬁén&heﬁ B~1 and |
B-2 diﬁpla&e the first 3 horizons. but mot the fourth.,  In trench
E. mome of these horizome are cul bu‘th& shears that were
ohserved. He motes fe. A-Z12 Lhat the dark red ealeosol s
traceable cmntinuouaiu along the eniiré ietath of trench E, and
iz essentisllw parsllel to the presert surface. He saws. "This
“ralea” and mmﬂérm torodgrarhic Paﬂai;ﬁliﬁm.indiﬁat9$ well the
relative stabilits of the GETR area. at least in late Guaternara
time. "
APPEMDICES C and D to ESA (1873

Arrendices C and D are reswrts of siesmic reflection and
seiemic refraction surwews that were cmnductéd in an attemril to
obtain wore infnfmatinm shout the existarwe and location of
the tercoma fault and obher atructural‘faaturea‘iﬁ the area.
These methods erovided little useful information. and in some
areéa: such @ the Rill froct nocih off GETR. it maé conc luded
that. the ceismic methods were simFlu mot feasible for their
Cintended surFose. Some definitiué subzurtace information.
indicating that no significant faulting existed in an area rear
trench E: was obbained usind refraction methods. Bub teench k.

prowided muck more substantive ewidence for tlrie came cone lUusior.
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E. Haﬁd ard Brabb {137%3:

This rerort provides additional information sbout the
character of the Laz Positas fault. Based o exPosures of the
Lac Pocitas fault rear Artowo Seco (atout 13 kilometers norih-
egst. of GETR). thew determined thatﬁthelfault i high =nsHle and
55 subdect to Frredominantly 1ett—lateral ELPiHE“EliP‘MDUEWEHL.
Srecifically, this determinatiorn stems from the abserved
direction of slichkersides and the observed aenﬁe of wertical
offegt. of late Pleiatmaené terrace gravels slongd one branch of
the fault.

Herd and Brabb tr. 5)°‘saw that thisz sense of of feet alons
the Las Positas fault is structuralls comeatible with rortheast—
over—southwest. thrusting slong the Verona fault, snd that the
urEer Flate of the Uerona Tault has been rereatedls diselaced
westwa~d., Thew also taw ﬂF.'4—53 that Fart of an A hor-izon of
the modern soil erofile iz srrarentls uffaet ba one of the
wranches of the fault st the Brrosc Seco exFosure: which

eygdests that thers has been Holocene offset.

F. FRFice and othets C1%7923
This rerort ic Primarile a recar of the GETR-related
irectigations that have taken rlace, and & suwmars of Lhe
existing sviderce., Rice, howewer, did examine mars of the
trenches, and made obsetrwations thal in some cases differ from
Lthose mf tLhe other irwestigdators. Rice and others {p. V2 Etéte=
Some 1280 feet rorthuwest of B~2, and on the

ctprike of the therust exeosed in it. there is =&

loww—arsle thrust exposed i several challow

backhoe trenches (fault 2 on Fisure 3x. This

thrust arposrs Bo e srcuste to the rortheast in
Lrend. It cuts Liwvermore Grasels. but doss not
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dis#lare Lthe storeline berizon underliairs Lhe
woureest ool luvium ard zoile.  Thuas 1t i nob
likelw to be contimuouws with the fauwlt 2 in
Lrencth B=2. ‘
However. im redard Lo this sane et of shasllow basckbos bremcies,
ESA £1979. F. ITI-2Z4) onlw mentions the occwrence of
"irregularle striking shears with irresular near—wertical diFs.”
Tabxle 1. which is & rerroduction of Teble 1 in Rice and
others, Frovides an excellent tabulation of the privcical theust
cshoegt-o that were fournd., their attitudes, the lithologic units
that thew cut, and the magnitude of ofifset on each of those
unite. |
Fice and others summar-ize the eviderce for L oridbis of
the shears. both that for landsliding and that for thrust
faultind. Their evsluation of the suidence is stated dp. 1421
In sum. available evidence does not
comclusivelws prowve o disrrove the o-igin of
the faults sxrosed in Lthe brenches. It is our
duddgement. however, thst the weighi of evidence
ig stromdgle im favor of a landslide oridin for
those features.
G. Herd and Brabbh (13285t
This rerort it Frimarile 3 rFreview of the intereretation:z of
"Her«t ardd Brabb in regdard to the tectonic realitw of Lthe area in
the wicinitwe of GETHE. Thew rFresent no signifTicant rew evidence.
but dao disagwe& withy ESH in redard Lo some Qf the sigmificant.
trench eviderce.
Herd - ancd Br-abb e, 1) szw Lhat, the arsuments for landslidirg
hawe no basis i Fact. Thes base thizc conclusion mainls of the
Tailure of trernches D F, and G Lo exrose structural ewidence

for larde—ccale landsliding. and the lack of significand

disrupetion of beddimg whickh would be zurected if the landslide
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exists.
In regard to the existerce of thé Jerona thvuwst Tault, thew
saw (p. iiir that tectonic Faulting iz reauired to exslairs
a. Recurrent, TFault movement.
b bearle Ferrendicul & discurdance betweer the middle
con@lomerate uﬁit ard werer member of the Livermore
Gravels about 2 miles rortheast of the GETR.
. Draszstic thinning of the IEEEt meﬁbar of the Livermore
Gravels castward serose California Higbwas 94,
d. Contirnuite of therust Féuitinﬂ outside the aréa of’ Lhe
Fostulated sncient landslide.
e. Steerening duﬁnward af the dir of the thrust failis
with derth.
Thew do rot exelzin whe recurrent landslide mowvemetd would not
alesc account for the recurrent movement on the thrust shears.
The "nearlz Frerrendicular discordance in in stribke” occurs
betwesn beds hawing shallow dirs. Thus, the actual dinedral
andle betweern the beds is onlw in the rande of 26 to 38 desrees.
Thew do rot exelsin whe this difference should reauire a Tault
exFrlanation in a redion where such wariations in beddirg attitude
are COMMON. |
In reasrd to the repanég o movement slong the princiral
thrust shears. Herd and Brabb conclude that most of thewm have
digpiacad the modern soil eeofile,s ared Lthet during the latest
erisode of movement the diselacements ranged from 1.5 to § feet.
Th&wihelieva that the maét recert mouemerb s cocurred since 2. 880
to 4,888 vezrs before Fresemt. These conclusions are signifi-

carmtls different Lhan those of ESA C197%5. Fe a maaiﬁlfmﬁ Lthesa

/8



FER 1o

conclusiorne, Herd and Brabb ¢F. 9-21) saw: (1) ESA did not
Frorer-la log the trenches. (2) that estimste: of the ages of soil
- develorment ea#e&ialiu:thﬁ modert Frofiles ba ES5A and Shilemon
are wrong, and C3) thast the eatimated‘tuwrectiﬂna Lthatl ESH énd
Shlemons aprlied to the C-14 sdes are too radical.

Irt gerersl. the tenor of Hetd and Brabb'e argumerts is that
ESA and Shlemon have wviewed the evidence in such & manner as Lo
obtain the oldest rossible irterPretations of the recencs of
movement. On the other hand, it arFears that Herd and Brabb are
‘tahinﬂ the Soundgest erossible interrretation.  The writer cannot.
at this time sscertain the truth of this izsue based omn the
auailable informatior., For some resson fo ore seems Lo éddreaa,
the fact thalt there is no srecific deomorrPhic exrressiom of the

thrust shears at the loci of their surface prodJdeclions.

H.  HRC £1979):

This dmcumant sete oul Lthe rosition of the MRC Geosciences
‘Bwénﬂh staff, Thes aec@wﬂ the erons £hwu5t Tault interpretatimn
for the origin of the thrust shears Cre 182, Thew accept the
irmterrretation that the thrust éhaawﬁ Fige disrlaced Holocere
soils (R, 8). Thew also comclude fp. 182 that a landsl ide hazard

existe at the site of GETR.

I. Ellswoerih and Matts 19880

|  This rerort indicates Lhaﬁ the seismicitw in the wicimitw
of the Wercra faultlauppmwta‘thﬁ‘thruat fault irtereretation of
Herd and Brabb (1988>. Ellsworth and Marks (F. 112 saw. "Within
the redion northesst of Lthe Haoward and Calaveras faults. focal

mechanism tolutions shaow a contimnucuszs Frogression from strike—
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slir to Lthrust Taultimd,” Thew cite tocal mechanism selutions
for seversl seismic events which thee belisve surport tLhe
northesst—dirring thrust fault dgdecmetra 2 prorosed by Herd ard

Brsbly C193@0>.

I. Bolt and Hanser (198@3t |
Thisz rero-t comncludes ﬂhat the dats used b Ellszsworih and
Marke {19862 is mot of sufficiently d@ood qualitu Tor usetul focal
wecharismn solutions. and that. th@rgfar&; the conclusions of
Elleworth amd Marke regasr-ding thé exilsternce, decmelru. aﬁd'ﬁ@ﬁﬁﬁ

of' movenert. alond the Uerona Tault are wurdustified.
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1. INTERPRETATIOM OF AERIAL PHOTOS AHD FIELD DBSE&UHTIDHS
A, The Existance of the Jeronz Fault:.

The gecmorsfic chawattéw of the Vallecitos hills is
eufficient to indicate that the hills have been tectonicalls
urlifted relative to the ualleéﬁ‘ta the seuth and west., The
hills rise st least 200 metara‘aﬁdue thote ualléuajfand the
boundarw——the edde of the hille——is abtuet atd Pelatiuelu
linesr-. The wallews camnot baws been crested by erosioni thew
host no drainsde sustems having suf ficient erosional caracits.
ESA ¢1978> arsdues that Usllecitos and La Eo5ta Uallews aré of
eﬁﬂsimnal crigirn, with the erosion havirg been accomelished b
drainage ratterms different than those that sxist todaw. Buﬁ
the wallews are erosionalls much more mature than the Vallecitos
hille., which is something that the ESH interpwetatiun‘dmea rot.
accourt For.  Furthernore. if the wallews had been creabted b
ereizior, it would in o waw scoount for the present stees linear
front of the hills. |

Tectonic uplift of the Usllecitoz Hills has to hawve been
caused either b faulting o Foidinga = - cmmhinatiﬂn of’ b@th;
Gealoaic marring of the Liuewmafelﬁraﬁelajrwhich wider-lie the
hiiiﬁ; includes a sutficient densits of bedding stiitudes Lo
show that folding is Probablw not lhe cause of urlift of the
hills. and certairnly not the cause of the abrurt auuthéﬂn and
westarn mardine of the hills. Therefore, one or more Taults
mast. ocows at bhe couthern anﬁ wesLern marging of the fills. and
L the uﬁlift of the hille iﬁ‘the result of Lhe vertical cﬁmpunent
of movemert slond those fTaults. Therefor-e, the Uerone fauli, ard

Ferhapﬁ other Taults at the marsins of the hillse. must exisl.
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B; The Existence of an Arcient Landszlide dewlexf

The ewvidence rresented below indicates the existarce of &
large landslide comrlex alond the southweslern side of the
Mallecitos hills. The eviderce indicaﬁea thate the origin of the
landslide is probatla aﬁammiated with the faulting at the mar-din
of the hills., and that the landslide develored slowlw throudh a
lorg seauerce of Iimiiaﬂ mguementﬁ;‘

Figwe 3 shows the sprrroxinsgte boundaries of Lhe eroded
landelide ﬁaae and the row-eroded headwall area. This hwundérHJ
i the ares downsloes fﬁdm the base of tﬁe main Rill frond.
marks Lhe Flace whers the secmorehic conbinuits of the
surrounding terr-ane is Lterminsted--—as oheerved on aerial
rhotodrarbe. As cuchs it cowld rerresent the gecmorehic
disrurtion cavsed either b landsliding ar thrust faulting,
whichewer mechanism is resFonsible.

The ﬁtrmﬁﬂeﬁt evidence for lamdsliding lies in the
geomoreholags of the drainades snd ridde sFurs that trend
mor-theastuward ard southsstamecd Feoom thé main drainade divide
cfisure 3 that ewtends alons the soatbwestern part of the
Uatlecitos hills, The drainaﬁea that floe to the northesst have
&1l been beheaded. That iz, thew a1l once exterded from 1538 Lo
ﬁﬁﬁ‘metewﬁ farther to the aoﬁthweﬁt; ard the main draiﬁaaﬁ
divvide originslls law that mach farther Lo the southuwest thar
where it Fresentis 1z,

| The euvidernce for this trurcatior lies in the secmetra of
the longitwdinsl Frofiles of the drainazes and. in eart, in the
Pélaﬂinnahiﬁ ot the drainaﬂejwfmfi;aﬂ tox the Frrofiles of Lhe

sdJjacent ridge seurs. B ocommon characteristic of dezinaedes of
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thie scale, in terrane with this maﬁnituﬂé of relief, is that
their longitudinal erofiles become increasingls cuﬁﬁaue-quard
toward tre urPer end of the drainage.  This is to be exrected:
waterzhed area decreases tauapd'the.haad of & drainase |
therefore runmfflde¢weage5; and therefore erosional Cown—oub i
caracity decrenses.

Figure & Y53, b, ard 6o) shows 3 drainase and 7V ridde sru
erofiles, and Figure 5 shows the locslionz of Lhnae‘Wmeilea.
Drasinesge Frofiles DI theoush D4 ifigure éa) rerresent cortrol
for this test. These drainages occow in the same lithological
setting = the landelide terrarse. but bhawve obeiousls rot beer
irealued in any ProcetEes Lﬁat would have removed o
sidnificant eart of the uwrrPer end of the drainages. ‘Thm erofiles
clearly show the sbrurt iﬁwreaﬁe in wrward concavity (l.e. |
derrense in radius of curuatuﬁe}.near the heads of the
drairades. HNobice alzo that the heads of the dwaiHaQE$ exLEnd
ueward to almost the elevalion of Lhe adJacent. ridde s
Compare these rrofiles to rrofiles 05 theoush D9 figures ob and
ey, Hote that the nnrtheaﬁtmflmwinﬂ dwainaﬁea exbiibit almost
ne incresse in gradient nesr their heeds. excert for a sliaht
liF'Eith at. the heads of twa of the drainsges. Hobe also that
the heads of the drzimages are much lowsr in Eleuaiian than tﬁe
adliacent riddge spurs. Bobh of these features indicate that the
drzinages at one Lime began farth@P tu the southwest thar where
the Fresert main drainage divide iz located. The slidht lie EN
'ﬁhe heads of soms of these drainases robably rerresents the

carlw stages of the re-establishment of a normal strean Frmfile.
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I Fidwure 7. the rrofiles from the cortrol draicsses Dl
through D4) have been wurerimFosed ontoo bhe profiles of the
drzinades that flow mortheastward from the diuidé LBS Lhweoudh
D22, A VYbest fiL" match of the PEmPile S-adienls uaﬁ‘emplmuéd:
Lo show seproximatelw how much of the originel beads of
drzinades DS Lthe-oush D2 haz been truncated. Also shown is the
lPPﬂbablﬂ rosition of the most northeasterlw heaﬂwall alidelﬁlaﬁe
fassuming that there maws hawve been more than one slide Flaneﬁ.

The evidence., cited asboue, Tor thé‘truﬁcatinn.nf Lhé
mortheastwesr-d—flowing drainades does ﬁm£ hgar o Lhe'WHEELiqﬁ
of how the truncation manuﬁwedm If the Iaﬁdalide did rot éxiELJ
ore would have to assume Lhat the ﬁeadﬁ of those drainades were
ercded bw active heatward advance of the-sauthMEEtwérdmflgwinﬂ
drainages. The southuwestwsrd-flowing drasinades have = local
drainage bese (the margin of the hills) that is at an elevstion
of about 58E feet. The zame iz true Tor the northeastwsrod-
flowing drainades. but the diztance Frah the heads of Lhmée
drainages to the local base is asbout twice as Far (Luricallw
about. 2 kw2 3= it iz for the southwestward-T1lowing drainases
Charicalls about 1 bkmd.  Therefore. the %nuﬂﬁme&twa&d“flﬂwinﬂ
drainages haoe twice the avetrade sradient and sigaificantlg Mmore
erpsional caracitw. Az such. the wmain drainsge divide éhmuld bue
migrating towasrd the northeast. and that ig‘uﬁdugbtedlu what is
harrening,  Howewer. there iz obther evidence that landsliding
st hove ocourred: that a landslide beadwall mast have formed.
and that headward erosiconal sdvance of the southuestward-Tlowing
drainsdes can only hawve accaﬁnt@d T o Part‘nf theltﬁuﬁtatgmn of

the heads of the northesstuard-flowing deainases.
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Fidure £ showe the locasticms of the S torosrarhic oross
sectionzs that are shown in Fiswres 3 and 16, Qruﬁajaéctimnﬁ
AT, BB, and‘EC’ Cfigare 93 all look northeast. anﬁ S
=éa$eﬁtiallw rerrendiculas to the dominant roetheastuard- or
southwestward—f lowing drainades and to thé.interueninﬂ ridde
cPurs. Hobe, on sections AA” and €07, that the ritch of Lhe
srEcing of the riddges iz on Lhe order of 3@ to 566 meters. and
that the twrical reliet is asbout SQ meteeens, BY ComEar st
‘aeﬂtinn BEY throush the @resn Juét sotabbusesl. of the main drainade
divide showse arn averzde ritcoh of ondw about Iﬁﬁ‘metewﬁ; and the
relicf hetwesn adiscent drainades amd ridges. is onle about 13
metetrs. The prominent riddges, which charscterize the secomorehic
develorment of this tertane: are noticeabla absent in the atea
Sust southwest. of the main dezinase divide.

Ore might tre Lo exelain thiz snomalys s being
characteristic of the rarid erocsion that occurs alornd a hill
front. that is being actiwela upliftad‘almnﬂ & bounding fault.
That exrlanaticon. howeoet, besie the susslion a$:ta whig L :
anomalous torogrorhe ie develorins onlw al a diﬁtahcé of 1.2 Lo
1 kilowmetss Trom the hill front. énd rot. clozer to the mardin of
the hille——ss at the location of section AR-.  Alses consider
the ridde sPpur profiles R4, RS, and RV shown in Figuwess ob and
Ec, In each case. the ridde sk has a Eubahdinaté Eeahe Mt
ite soutbwestern end, tupicallw about 308 fwum the margdin of
the Mills. It ic difficult to explain how ercsion could‘haue
"orassed" the idae sPurs ais Lhwe frord. of the hills, and then
20 thoroudhtle removed them farther ue ztrcsn. Th@re‘ia o

arrarent. differerce in the local litholodical rezistance to
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#rosion that would be sulficient to ascocount Tor thiz oS ous
erazional confisuration.

Theae torostartiic chérattewiatims are turical of those
created by landslidirg, The reals ress the sogthwestern ends ﬁf.
the ridde sPpurs are the dicrlaced former realis of the main
drainage dividse. The main divide di-adugl 1w aiid dowrn tu its
Fresemt Frosition. With zufficiertly slow landelide dewe L armerd, .
Fording at the base of the headwsll would have beern sufficient
to allow averflow acrose the sliding divide. ard. therefoure, to
2llow the establishment of Lhﬁwuﬂh“Flmwihﬂ zouthwestuward
drairagdes as exishs there todaw.,  The lardslide Fiuceses also
accocants for bhe remowal of mador ridde %Fura‘in the ares
immediately southwest of Lhe rresent main divide,

Th@lﬁarraw Fitch and low relief in the.tapﬁsﬁawhs Just.
southuiest of the main drainage divide (sectiom BE-, fiﬂuﬁ& 3
are characteriztic of the draimage patierne thot wotild be
exrected Lo form on a rewle-crested unﬂifieéted slare.  The
soarE develorment Fresents a new. relativelw F1lanar, Btﬁéﬁ
csurtace which srosichal processes heﬂin'tq modifa. ‘ﬁt firset the
Feachssll surface is diﬁ@ﬁated Ere mara shallow. closeld spaced,
small drainades. Throudh time btrese sraduslle coalesce. lesding
to fewer drainades and srester relief, Given sufficient. time,
erosion willlmatuhe the torosirarts of the hescsll areg Lo the
extent that it iz deomorrhicsllw indistirsuishable From Lhe
surrounding terrane.  The torograrbem of this héadwall ares: as
showr in section BB”. is aboubt Malf wes in its eroiional
matur-ite bo coming irdo esuilibrium with the Srrelirich i

terrans.,
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Arotter charsctericstic of the natw-ation of an erodindg
toreane iﬁ the develorment of seoil, and the ﬁeiultinﬂ effect of
the laver of so0il on the erosiconal srocess. Thé;ma@t rmoticeabde
effect is the "softeninzg! mrlﬁuundinﬂ—aff of the ardalaritas of
the ridde and wallew torodraeha. I o auﬁfac@ having no soil.
develorment it exrFrosed to srosiors as iﬁ thwe case of a lardslide
headuall scarr. the nawly‘deéelmpwd di-ainadges ard Widﬂe SFLIS
tend Lo have s U-shared or sawiooth-shered cross sectional
aFFearance. M= soil daﬁﬁlmwﬁa uéuallﬁ over 8 Feriod of tens of
thduaahda of wepre, those wzllews &nd fidﬂ@.ﬁﬁuﬁﬁ srachual Ig
develor ckucs sectional srrearances that are more tine wave in
character than sawtooth.  Sections DD7 andg EE- (fiﬂureliﬁ} abicnt
the ctrose sectional character of 2 areas. Eéﬂh Maving & sesushoe
of emall drainage:s develored on a modersbeld stesr slore. Thess
crose fectiors were Freeared from o larde scale tbpnﬂﬁawhit T
hauing & cortour irderual of 1@ feet {(Earth Sciences Fesociates.
1573, fisure 2. Section DDﬁ3 tahen n@aﬁ the  margin of the
Fi1ll fronb. shows the zine wave oross sectiom which is twsical
far dwainamﬁﬁlthat dewelor on Lhe Liversore Grasvels in this
redion.  Section EE- . tahern Just soubhwest mf'thé main drainade
Cdivide, showe the more gawbmgﬂhwtwwﬁ crose sectid LhaL‘ii
tarical mainlwe oanlw in th@‘ahea dust. soubbmest of that divide.
Examination of merizal rhotosrarba chows that thisz sawtoolh |
torodi-sebes ocoure in. angd is escentialle &uhfiﬁed to, the éame
ares whictn based on other sectnorehin ewidencs ., awwe&wg tuﬁbe
the site of the headwsll of the lamdslide.

Fidure 11 shows the ar@a} diﬁthibuti@n aof drainages in Lhe.

ares under comsideration.  The Lﬁiahﬂleg.%hﬁw‘the location of
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the main drainsde divide. and the deshed line shows Lhe
arrroximate boundars of the landslide mass. The awaa‘betw&&n
the diuide and the land=lide mass is the er-oded headwalllarea.
Mohe that all drainsges in the headwall ares caﬁgiétentlu flow
to the southwecst. with rone of the branching or Fersendiculsr
- tribytaries that characterize the rest of the redgion. Thie 1z
one more line of el dsrice iﬁdieating‘that @ landslide did oodur
there, amd that s the landslide =lids it senerated an
essentially coptinuous southwest-cloring beadwsll Tor a distance
of about 3 kilometers soross Lhe southwestarn cide of the hills,

Fidure 4 shows s rostulated seausnce of evernts that led Lo
the develormert of the landslide ard its geomarrhic arrearence
8% we currentls see it. The series of sketches in Figure 4 aré
diagrammstic and not Lo scale.  Thew dewict Lhe deu@iapm@ﬁt af
landilidinﬂ in the Bill front ares to the north of GETE. Fisure
4 ghoess G initiatiaﬁ of Tault offeel of an erosiconallv-rlaned
Euﬁfaﬁ@‘that iz wnderlain b Livermore Gravels that. dig
morteslinal la o bhe northesst, The Ugrmﬁa fadlt maw hsve
initisted as & rew fault at that time. or. wore likelw. it was
the regctivatiaon of a pre—existing fanwlt sl derth beneath thst
location.  The wvertical comecnert of movenent slonst the faulﬁ
everitiizlle orested s stese hill front theb overlw shressed the
mechanicsl comeebence of ihe underlwing élaa~ﬂibhf Fotr-ls
consol idated. Liu&rmaﬁ&‘ﬁrauala. |

At same Foint in‘timén Fethars Associated with a relativelw
wet. péﬁiﬂd‘duwihﬂ mhé‘cf the late Pleizstocers slacial stasies.
Tailure bedar {Fiﬂ@ré ddr. The toe of the slide. Lo Lhe'

sotdthuest. of Lhe fault,. was FProbaebls Lheost outeard slong o
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claw-rich heddinﬂ prlarew. The Tact that the ﬂﬁaiﬁaﬂﬁﬁ:fIQWiﬁﬂ
Eﬂuthwﬁétmard across Lhe slide mass b maintained th@iP
watercou-ees suddecste that the sliding ccoocuwrred as a mulbiltuade
of small increments, rerdtars onle in wel gegrs durira per-icds of
vrideudal 1u wet climste.

Figures de and 47 show that ongoing tauliing. aﬁd e
weaultinﬂ offset. of the slide plane. maw exrlain the ﬁbﬁ@rued
maltirlicite of thrust shearse in the wicinits of GETR. Fidwres
4g ared dh show that fault offset maw have Penetwatedzth@ =1licle
mats from time to Lime,‘leauinﬁ behing & set of abahdaned‘Fault
Flanes that would be older to bhe soutbwest and wounser to the
rotthesst..  This rhenomensz. the ewidernce for which ls discuszed
below, arFears o be reflected in bhe present toeoararhs of Lhe
landslide surface in Lthe form of draingge control along Lﬁe

abandored Tault Flanes.

€. Location of the Usrora Fault:

Figwe 12 ﬁhuwa ﬂhé Froable loecation of the Uerons Tault.
This loczbion is haiéd on an sncmal ous alighm@nt ot drainages
across the larcdelide that is werw apearent on seme of the serial
Phﬁtmﬂraphu, ezFecislly on phobo 1-46 of the 19735 ool
ehiotoar-srte Csee section IV o & listing and descrietion of Lhe
aerial rhotograet used in this studue).  This siisnrent is also
Fartly aresroent on bhe deainsge network shows in Fiﬂuwﬁ i1.
There mrobablw has been aﬁhm meessmert. along the wnderloins fault
since the mador sart of the lasndslide motion ooccurred. The
fault movement cubt the cver-iairg landelide msss. and. eiltber
thtaugh surface of Teel or becawss of fiructural weabkenins,

Brouabt, about 5 linear zore of conbral on dralnade déuélm#m@ntn
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CThis cortrol or deainage develormert arrFears to be neselw
vertical . sustdesting Lhat the thuna fauli iz nearls vertical.
That ds wha it is shown as = uertitallfauxt i Fiswre 4. There
iz ro gectorrhic eviderce For Holocere Tault o sEmEr, along this
zong of drairnasde cormbrol .

This evidence Tor the location of the Ueﬂpné‘Péult ig
admitiedly west and inconclusive, ‘The location 1, hmMeuwFa
almozt sxsctly where Hall C1953) marred the Verons Faull fidure
2).  There is ﬁemmorwhi& evidence for Lhe Verons fault orilw
betweer: the Las Positas fault (ss marred bu Lh&lwﬁitﬁﬂb an e
éauth&aetJ ard the Pleasarton fault fas marred ba thé writerd on
the rorbhwest (Fisure 12).  There ié r deomarrhilc evidence for
the eastumd and morthwestwsed continustions of the Verona fault
that Hall J1938) marred (fidure 2). The Taulting Lo the
rortheest. of the landelide will be discucsed thEP:LquEP Ll

heading "Plesssnbon faglit. "

D. The bLas Positms Faullr

fis Figwre 2 shows, the writer has mawwed‘th&
southuesterrmost. 2 to 3 hilometers of the Las Positas fault in_a
vard different locstion than where Horo il???§ marred it.,  There
is dood geomorrFtiic eviderce for the existance of 2 sub-rarallel
traces of bhe fault that sxtend soutbwestward from AFeouo ial le
along almost the same troend Caeperoximstelw NGBES Lhat Lhe fault
diselase in the wicinite of, and Just rorthesst of Frrowo Ualle.
Thie annctations on Figure 12 show the evidence on which the

are based. This evidence includes

"

locationz of the 2 trace

verticaslly offset stream Lerracesq. lett lateral offset of
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wvarious topadartiic featuwres. berches. beheaded drainades,
aligrned drainages. rFronded al luaium, ﬁpwiﬁﬂsJ ancd & graben.

There is rno deomnceehic auidﬁnca‘Far Lhe exiatancé of e
southuwestermmast. 3 ki of the {as Positas faulit as ma&w&d-hQ‘Herﬁ
L1SF7x.  He mapéed that rart of the Tault aslond 2 lithologic
contact, which he arezrentls aleo sssunes ic a Pauiﬂ cont.act .
Howewer. there are ro deonorrhiic features either of the tare
that. are denerated bo fault offzel of the sﬁuund surface or of
the twre that are denorated bw differentisl erosion or erosicnal
cortrol alomg & Fault that has lond beery inective. |

The Las Positas fault. as mepeed by the wriler in the
vicinity of freoos Walle and to the soutbmest of there, does not
exhibit deomorrhic festures of suf ficient southfulnez: to
imdicate Holocers: movement. The soundest clear evidence for
fault mousment is the vertical offset of 38 meter-—high stereoam
terrace surfaces on both the southwestern and rior-tiheasters % Y L
of Arrows Uslle.  The verticsl offeet: aeresm- Lo range Trom 2 to
3 meters. However, an O met&r—hiﬂﬁ terrscs surt e on LH@
northeastern fide of Arroes Ualle iz not offset.  The 38 meler-
hidgh terraces are rprobable st lesst 50,068 wears old. and
Ferhares as much as 3 times that aﬁe. Thee @ meter—high Lerrace
sur-face was rrobable abardoned be Lhe drainasie Euatém at. least
= lanﬂ‘aﬂu as early Holoceres Lime.

Hmt@; ey Figharee 12, that in the wicipiig . of Frrogo Valle
the cergs of offset of the terrace: alonmd the tuwo traces of the
fault indicates that the slice of dround betwsen bhe traces e
drorped—--in the marmet of a ehallow araben.  To the noriheast of

the arrowo, adliscoemt Lo bl southegsterrs Lroce of the Tault, Lhe
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deomorehic lamciorm iz that of alluvisl filling of a Sraber et
Tormed orn Lhe mortheest side of thet trace Ceee armobation on

fidure 122,

E- THE WILLIAMS FAULT

Figire 2 szhows the Williams F&ul; 8% it was marPed b Hall
CIATE0 . bea Eartih Scienceds Fecociates (19?9}; aﬁd be Lbwe writer.
A1l 3 derictions show slightlue ditferert locstions. The weiter
located the fault strictly on the basie of f&ulL“ﬂ@ﬁEPHtEd  ‘
geoncirFhic festures Csee armotations om Tigure 1235 along thia
Tault maree of these features arresr to have breer ﬂeﬁerated b -
Holocene offeet. The SFERRArce of the deomoretic Teatures
along this fault becomes incressindglw uuuthful and more Gbuimﬁa
to the southestt. ewecialle Lo the ﬁaﬁt‘wf Lhe auadangle
bouﬁdarw thhat meea 1e ot Cﬂﬂiidéﬁed in Lthis hewort}.
Cormerzela. to the nortlwest e HEQWGPPHi?‘f&atuﬁﬁﬁ‘dimiﬂiﬁh in
Eromirernce and umuﬁhfuineaafbf arFearance, I is dmubtful
whethet the hmﬁthmegtﬁhnmaﬁt Z kilometers of the fault 3o
maFFed b Lhe weiter) tas beer active during Holocene Lime.

Like the carlier workerz. the witer waﬁ unaﬁle to Tind evidence
tﬁét woulad allow the marring of Lthe Tault nortleesbusied ﬁa.th@
Usllecitos hills., Heither the aerisl Fhotodrarba o the
avallabsle exposures on the dgrourd show anw evidence of Lhe
fanilt.

The torosraebic ﬂ@ﬁm&trw of the Lrace Df thue wiiliamg Féu;t
Cfigure 122 indicates that Lh@ fault dirs to the émuthwéat, aL‘
&t anﬁla of betueen B9 and 70 dedgrees. The deomorthic featuroc
along the fault. esrecizlluy the righb-def lected drsinases ot

drainasges that srrear Lo haoe b bwheaded by rigft—lateral
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ﬁf%aetJ indinatelthat L Taulﬁlhaﬁ had & significart ridht-
lateral eotmeorert. of offaset.  Withi; Lhﬁ L.z ﬂdﬁta‘Ualleu
auadrandle. the Tault Juwdaroses high sfound to bhe ror-Lheast
Cagainst 1ower éﬁmuhd ter bhue amuthMEQL;.the Williasws fault
arrears. Lo be the structural anﬁﬁarﬁa e e eatts of the La
"ﬁméia Mallew structural deeression. This sussssts that the
fault hat also hed s sismificent. comronert of rarnal of feet——

southwett side down—-—alornd its sowbbweest—dipring #larne.

F. THE PLERSAMTON FRULT

For- lack of a betier rame. bhe Taﬁlt that extends to the
rorthwest alors bhe western side of Lhe.Ualleqitna‘hillﬁ‘ig
herein referred to as the Plessamtor fault. It is in
aw#haximat@ aligrmerd. with part of the rostulated Fleasantor
fauit that extends rorbbeestumsmed Fﬁﬁm Lher town of Pleasarbon
githin the Dublin ausdransles. Fiﬂuﬁe 2 shows the lucatinnglmf
thiz fault as marred by Herd C1977) and Dd the weiter.  Herd
coneidere L Fault ta‘h@ & rorthwestuwa-d wontinﬁation of the
Verona Tault. snd refere to it as the Ueroma fault. |

There is no srecitic secmorehic svidesnce for the location
shiouwrs bw Herd., excert thaet it i al the immediate béée Dfﬂth&
relativelw linear bill frand. freﬁth E. lovsted near the left.
mardin of the auadransdle cfigure 20, was excavated seecificallw
far Lhe pureose of establishing bhe existance ard location of
that fault.  Thae trench. which ranged from 18 Teel to 15 et in
derthn diﬁ rot exFose Lhe Fault,

There ié goonoarFhlc evidence for a fault near the base of

the hille. bt ot zb the basse. The annotations o Fisure 172
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sfog Ll basis for Lhe wwi#ww”ﬁ locsiion for Lthe Taglt., The
geomorrhic festives indicate Lhat, it 1s & high-ansle Tault bLhat
has had right-lateral offset. Hote bthab. to the morthuesb, the
Frodection of the Tault 12 about 288 metsrz bto Lthe northeast of
the hﬁﬁﬂheaatawn encl of trerch B Cfidure 2.

It mee srFeae that thé‘haﬁw mf.thé hills, where Herd wars
the taulil. ia the mach more srobsble location Tor the fault.
Howeteer, enmpirical evidence iz that, along steike—sliF Taultis
that Juxtarcss kidh terrane along one side of the fault asainst
lower terarw on Lhe obheer side, the trace of the Vault conmornls
does mot wcocw ight at Lh@.hé%ﬁ of Ll hiil from. or mouintsic
front, but instesd ocours ratt waw ue bhe fromt. bweicsllw atlan
elevation abouve Lhw base that i eaual to betwesn 18X ad 38% of
the height of the frord,

Althoust bodh the weiter andg H@ﬁd 198V Fa 142 ardguae that
a Tault must exist alond this Fart of Lhe mardin of dhe
Wellecitos hills. it is clesr that this fault,. at this time. has
been wers Foolw detired. Im obhey words, ité location iz werw
uh&ewtain.‘ Howeesgt,  in regard o recencw of offeel. it is also
clezr that there ic no dgeomorrhic evidence Tor Heoloceres of feet.
either alongd the tFaéﬁ e maered ba Herd, ﬂﬁ‘aﬁ maﬁpea e tie

writer.

G; Fedional T@ctﬁniﬁ Cortiderationsgt

This sectiorm of bhe investidation sddresses ithe quatimﬁ ot
whether the Verons faull ie a thrust fault. Because of the
rrcbable existance of the landelide., thw Lhrust shears in Lhe

vigimita of GETR do not resuire o theust fault to explain their

existance., The landslids, Poweoer, does nobt excliude the
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Pmaﬁiﬁilitu trast the Werona fault is & thrust Tault. or Lhat
both a lamdelide zed Lhewst Tault hawve contributbed to the
generation of the abserved thrusl Teatures, Bubt., local ard
redicnal tectornic character-isbice do arrear o exclude Lhe
existarnce of & theust fault,

Lockirg st the regionzsl tectonic Enuiruﬁment‘in a e
brcad views the derressions that are ocouried bw Sare Francisco,
San Pables and Suisun Baws seress Lo have been created by &
ternzional tectonic setting curing Pl&iatw&en% Lime. Looking at
the ares clozer to the Usrana fant; Starerl Uélley; about 9
kilometere Lo the southeast of GETR. iz a well detined
gtructyral d@raben zlong the Calawetras fauli thet clesrla bad
mackh of dts techtonic develorment dur-irs laté FPleistocene 1.ime
grd roseible during Holoocers time.  The garaben is ﬁaugéd bt &
comreorert of temsional stress poareordicul s Lo the Qalauéwaﬁ
fault. |

| IT the structural Teatwures cited abowve are ih fact evidence
for a northesst—southuwest, ternsicnal redime 1n Lﬁiﬁ redion durinﬁ
the Pleistocene. then the northesouth comeressional stresses |
shonld have been relesssd only by strike-slis faultiﬁﬂ'ﬂéihew
than bw thrust fauliing,  However, 2t a werye locsl levels it ié
pessitile thet Lthe irnteraction of disrlacewents slong the mwadicor
faults could bring aboul local etreszses Lhal wuﬁid result in
thewst. faulting. The Wetonzs Taull lieé in ﬁuch‘a Lectonic
setbing &t Lo mabks theusting slond that Tault o Plauaihle
huﬁnthagia. Homae g, & @xaminaﬁian‘uf the local tectamie‘
chaWacLeEiatica shows that certaln uefu neceseare evidence .,

reeded Tor a thrust-Tawlt intereeebation,. iz sboent.
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The curtent. slevastion difTersnce uf‘mura‘than 708 meters
betweers Uallecitos Wallew and the hills to the rorth resresents
the mindmam uewtical‘uffﬁﬁt that muﬁt‘haua cccurred alond the
Verorz Taslt, IT the Ueronas faalt is a thrust faualt. and dies
as steerly 5 4% dedress. Lher the hnriiahtal comForert. of
of feet mloms the fault must have been at leai£ Zea weter-s~—-1in
ct.her wuﬁdz, it must at leasst eaual the wertical component., iF
the wvertical offeet was significantly dreater than 288 meters
(assuming there has been significant erocional lowering of L
hillss or the thrust fault dirs at an angle of less thar 48
desdreas, then Lthe horizontal comFronent of of fsel would hawe Lo
hawe been dreater tham 200 meters, Cerdainlu. on the basis of
the GETR irwestidation trench evidence. ithe abserped thrust
shears coulod haee Fad that maxEn i tude of hoarizontal comronent. of
offset.

IT +the Uallecitos hillg Mg beer bhrust upward andltq the
soutri-zouthwest slond the Uerons Fault, then comeronentes of Lhat
thrusting should alsc be evidert slond one or both of the
éﬁd&t&ﬁt faultse that bound the hills-——the Las Fositas fault or
the southesst. snd the Pleasanton Faﬁlt on bhe west.  Hotes on
Figures 2 and 12, that the Las Positas and Pleasarton faults
strike almost at right sngle: Lo QT another, with the Uerona
fault wmore or less cutting off the cormer. If the direction of
the horizomtsl comerorent of throastind on Lhe Verona fault wereﬂ
such that it almost bisected the angle belween the other 2
Taults Ca thrush direction of about 5150, then. ba deomstric
calculation. the comronent of horizontsl movement. FerrFendicular

Lo eact of the other 2 faulte would be shout 7@ df whzt. 1L is
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on the Verormas Tault. VEx aflﬁaﬁ meters is 148 meters. IT tﬁe
direction of thrusting on the Uerons Tauit did ﬁut bisect Lhe
arngdle betwsen the other 2 faults. bgt WaT HOre neawlﬁ Farallel
to one of the‘ntﬁer 7 faults. then there would be almost no
theust comFonent on the Tault that ialﬁafallel Lo the direction
of thrusting., bub 188X of Lhe thrusting would had to heve
occurred on bhe obher of the £ faults. Examiretion of the Laa‘
Positas and Pleasanbton faults shows mo evidence of such
thusting on either.

Firet consider the Las Paaitaa‘fault. It is the Pourest
candidate for arm srguemsnts of ﬂufth“auer—guuth thu;tinﬂ. =
bilometers to the northeast of GETR. the 2 tracez of that fault
srreat Lo bound 3 grabern in between. This iz eseecially arearent
to the northeast of Arcogo Uaile where . Jdust east of thé‘mmuth
of Drua Creek, a draben has formed on the northwestern side of
thé southeastern branch of Lhe Faﬁlt‘{aee annotation nes risnt
matdire of fizare 125, Thé araber. of courss. indiaaﬂeg &
ternsionsl stress redime alorng the Laﬂ'Pu%itéa Fault, rot
comFressional as would be absolutelws necessara for thrust
faalting. |

Therefore. it thrust fauliind hes occurred oﬁ the ﬂerané
fault., the horizontal comPonent nf moement. wouwld had Lo Haue
‘hEEﬁ rarallel to the Las Fositas fault and perrendicular Lo Lhe
Pleaszmton Tault. In that case. Lhrﬁat faulting. emmparahlé ir
magnitude Lo that cobhserwed in Lthe vicinity of GETR; ﬁhnuid Cs L
. alond the weﬂtérn marsin of the Uallecitos hills to = Puinﬂ at
| leaat 25 far rorth as the §i£é of trench E. Bt to the

rorthuwest. of the noetruwestern cotrner of tﬁe‘wrmbable land=lide
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Bourmcara Cas sloten b the weiter on Tigaee 123 no ewidence f@r
. thrusting has beer foumd. The cnls atLiLQdEHEFﬁﬂiFiE faﬁlt
epidence the writer sees in Lhaﬁ area is geomorFhac éuidenae Puwl
a high—angale faualt,

Thus, 1 thrust fauliirg bee ocowrred alondg Lhe Uerona
fault, then it has occourred in ar izolated manner that rFoses
difficult problems of deometric accomodst ion.

Herwd and Brebb (19730 @rdue for thﬁuﬁtinﬂ,almﬁﬂ the Werona ;
faull, based on a differert lirne of evidence. Thew cite evidence
for left—lateral offeet along the Las Fositas Fauit; and imFlw
that the westward mouaﬁ@nt of the northern block Pequire& !
Lhruatlfauit to the west Lo accqﬁmadate that, monemnetd. Hdweue&;
a logks abt the late Qusternarw structursl characteristics of the
terrarne to the south of the Las Positas fault susdesls ancther
empslly plavsibkle exelanation For- ﬂh@ acoomnocat.ion of left--
lateral slir along that fault.

Firet, comnsider the Suncl Uallew atPucLuPal‘ﬂraban. This
dratwern alorg the Calaveras Fault, terminstes abrurtls on the
north at a roint near the southwestern snd of Mallecitoes Uallew;
This roint is slso nesrlw in line with the west-southwestward
Frodection of the maim eart of the Las Pﬁaitaﬁlfault. Hote that
the rorthern end of this graben is more than = fi lometer wide.

The tecimnic tension thalt. caused the Swwnl draben to form
must hauve been sccomelished sither by the westerly movenent. of .
the‘blﬂch ta the west of the arabers, o by the easterlys mmuem@ﬁt
of the block to the easzt of the @raben. To the west, there ars |
no marred structural festures o decmorehic eviderce of late

Pleistorene movewmsrt thet would account for the Fowmahiﬁh ol the
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graber. But., to the cast. the left~lateral Las PuaiLaﬁ fault is
an obeious candidaﬁé tor accommodating Lthe eastward movement of
the block immediztelw east of the bunol draben. |

Corsider alzo the geometry and sense of slirF aslong the
Wiiliams Tault {(see fidure 12 for its rozition and oriertation?.
It ie probable~both righl-lateral sed rorssl. These comronents.

together. indicate = tensiornal stress in an east—west directian,

rowdhle Frarzllel to the Las Positas Taalt. .

The zuggeztion iz that the left-lateral offset alﬁnﬂ Lhe
Las Positas fault maw hauve Ereers accommodated on the west, not b
comPreseion and thﬁugtinﬂ on the northern side. but bw exitension
or Lhe southern ﬁiﬂe“—ai‘ﬁuidEﬁﬁﬁd‘bm the abnue~déa&wihed
extertional feastures. It should be barne‘in Mihﬂa htweser,  that
the two sxrlanations e not muetualls exclusive, snd therefore
do not resolve biw suestion of whether the Verorma fault is a
thimust fault.  Bul. Herd and Brabb 19720 mabke a rather tmﬂeﬁt‘
awﬂumenﬂ‘far thrusting aleng Lthe Uerona Fault. and it is Eaﬁu..
for the reviewsr Lo infer that Lh@fe ie mio ﬁther exwl%hatimn o
the asccommodat.iom. ap Lhe western end of the Las Fositas fault.,
of ithe left-lateral movement alond that Yault. There is another

eaualls rlausible exrlanatior.
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UIT., COMHCLUSTIONS
A. Gengralt

0 all the dgeologic asepecte of of the Verona fault. and
neath ares. that éﬂ@ Z2alisnt to the Furmmagé of this irwestiga-
tiom. only one is Edncluﬁiuei there are ﬂﬂrth‘ﬁmﬁthﬁaat“diPPiﬁﬂ
thﬁu5£ shears alona the noribhern mardin of Uszllecitos UEllaH.‘

These shears cowld have besn gererated be one o Lot of
Ly Pnaaihlé mechatisms. Dne nechand sm i% 1arﬂe—5§ale
larciel iding, with the thrust shears rerresenting the imbricéted
ﬁmig shiears at. the toe of the slide. The ePrinciral uncerbaintws
sbost this mechanism is whetier mrlﬁmt the Postulated larcdzlide
existz. There has beer a moier-ata aﬁmuﬁt of ewvidence deweloesd
bﬂth‘fDP and against Lhé existence of the larwslide, and the
Qariuua irsestidatore have macde arduments both for and adainst
its exmiztence. Clearlw. however. the eviderce is rnob anﬁluﬁiué
for either intereretstion.

The obhsr FOtsibile mechaniﬁm‘iﬁ thirust faulting. along a
niort st -Lrending nowthéaatfdippinﬂ Taul te—tte Uerora fault. 1if
it in fact existe, There are tuo Princiwal‘anewtaiﬁtiea_abuut
this mecharmiz=m: 13 has the Uerons Fault bad a significant
comFonert. of thrust offset., anﬂlﬁﬁb does the Ueromna fauit,. or
anﬁ obher fault. even exist at Lthe northern moedin of Uallecitos
Usllew? Agair. a mmﬁewaté anount. of evidence has been devslored
to surkort bobh sides of the two un&ewtaintiea; biat., alaoc. rome
of it dig corclusive,

An sdditiornal comelicalion. Trom the roint of wview of thig
‘Hlﬂuiﬁﬂ“#Piﬁlm #rnﬂﬁam et digstion, ie that the evidence ard

arguments for the recence of movement on the thrust shesrs are
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aleo inénmclu%iu#. fll of the rarticirsting irvestidstors

sdree that significant mouvemert ﬁ&wuﬁﬂed & PEﬁEﬁtIHléﬁ ZH, 6
geors ado. and @il assices Lhat. aah@ moeemerit. maw have ccoourred
le=s than 11,008 wears assc. There i1: rot adreement that mouvemerit
has definitelw occurred durind the lasi 11,088 wears.

Cha~ ci-iteria for zoning a Fauit aﬁe that it st be
sufficiertly active and well defTined. The writer carnot. baaed
Dn‘all availabide evideriee, mabke a'cuncluﬁiue dudsemerd. in redard
to the serlication of either ocriterion Lo the Verona fault,

Howewsr-, 3 oming decizion muat (wi-g maﬁ&; based on avatlable
: euiden&&.‘ If that decisiorn cammct be made on the basis of

core-lusive determinations., thern it must be made on the basis of

‘the evgluation of mrﬂbahiliﬁiea. Iy the weighins of the evidence
that fellows. the weiter is relwing o & substartial amount of
exFeErience in severzl areas of declodic irnwestigstion.  These
includes {1y the use of gdecmorebiic evidence im the detailed
macrirg of faults and in the a£§9ﬁ£meﬁt of their recencs of
surface of feet. (20 the detsiled marrindg and elaaéifitatiﬂﬁ by
ade of landslidez., ard (3 a broad emrirical krowledge of the
lowal and redionial tectomie ratiterns associated with faults in
Califnrnia. This last iz the result of % weare of field-oriented
faalt inue&tiﬂatioﬁa; irnvolwing both detailed and reconnsissance

mareirag tiweocudghout much of soutbers Calitornia.

B. Existence ot the Ueroma Fault:
Ther writer wigpws the existence of the Verona fauli, and for
that matter the exiztencs of ocne or more Faulbts aleand 511 of bhe

sauthern and western marding of the Vallecitos hills, &8 beins

4/



FER tov

vers Probable-—at lesst 6.9 an o2 @ to i Frobabilits secale.  IF
egah‘faulta do mot exiet, the hillmualieu torcgrarhiic relation-
shir would had to have been caused b Ermeianai Pfaeaﬁﬂan whiich
aFFears ta be uverw unlikelo., The trerching in the GETR ares has
expaaéd thrust shears which maw be Fart of the Uerona Tault.
There 18 also secmoretiic eﬁid@nwa

for the exiztence and location for higsh—ansle faulte slord the
Chill front, alithdugh this evidence iﬁ of Pelaﬁiualu #amw
auzlits.

If‘the thrust shears bthat. w@w&.mbaeru@d irn the trernches are
iy fact Tault gerersted, then the Usrons fault must be classified
as well defined. at least in tha.area betweer trench T-2 on the
rorthwest and Histwas 24 on £he southesst. IT the thrust shears
were sersrasted bw lsndsliding omluw. ther the Uerona fault iz verw

Foorla det ined.

ﬁ. The Existence of @ Theust Fault:

The weiter views the existence of & thrust fault along the
Pill fromt as hevird low erobabd litw, about 8,25, This is mairily
because of the lack of ared direct. evidence for thrust faulting
cuttide of the srea where there is eviderces forr landelidins.
Trench A, Lo the esst of the rPostulated landelide area. revesled
a fault that could ressonablw be corsidered to be an sastwmrd
cmntimuéﬁiﬁh of the Verona fault. but the fault =t trench A iz a
hidh-andle strike-slie fault. and offers no surroet for the
thrust fault herothesis.

The seizmicity of the ares indicates & nmwthmathh; i
ﬂDFth—ﬁ&ﬂthEaﬁt‘Lﬂ auuthmanuihwaat comFressliongl sbress regime.

This., =t face wvalues, surrlies dood surrort for- bhe theust Fault
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heteotbwsis. Howewer, the geomorehic ewvidence along the Las
Fositas Tault. which iﬁditate&\& &mdeﬁatelu terzionsl character
aloms tﬁat fauli. prezents a contradiction to the seismic
euidencé..lTha Lengianal Teatur&% slorng thast fault are nm#‘
‘tnmpatihlé with roetb—south comeression.

This raises a auestion that has not been addressed b
irmestidatore:  bhal twre of evidence is more reliable?—bbe
dgecomorrhic ewvidence that recoeds the sctuwal deformation that has
oeoutrted dur-irng a bLime skan Lhat Fandes Trom at least 160, GEE
wears ado ue Lo the present. o the seismic evidence that wields
diwett‘infmrmatinn on the stress field thet has existed in the
arealfbﬁ the rast Tew decades?

The ornle araument. aﬂéinah the waliditw of the seomorebic
evidence,. obher Lhanlthat thé investigator s irntereretat.ion df,
the deomcrrhic evidence mad be wong: is Lhét if & significant
long-term change in the Pégidnal strese Tield has occurred
‘Féﬂﬁhtlﬂ——iaﬂ in Holoceme Lim9h—1£ maw ot wet be reflectesd in
e ﬂemmmﬁphic evidence. Howewer, such médﬁﬁ changes in regiorsl
stress arFear o ocour, ih armd one redion. onle at irteruvals of
Fuindreds of thodsandzs or millions of wesrs. 5o the Probabilits
of' armd such chardae baving recentls ooourred in ang diven sren is
vers low. |

Motaeai . shor-b—berm ehanﬁwa i regionsal and local stiress
BEF QT to be fairlg Eummmhn Recant. mﬁuatallgthain studies., such
as thtose conducted in corngction with the Palmdale buldse.
'imﬂiaaﬁé_that“cruztal stisin Card theretfore streszs)d chands
gignificartly over rericds of Lime as short as 2 few deasrs o

ey mombhs (Sauvedgs  ord nhhew%; 1931y, Aleo, the historicsl
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record of sarthauakes in California suSdests that mador

earthauakes on the masdor faults cause aiﬂnifiﬂaﬁt whcrt—term

chandes in the resionsl stress—-—rerhars because of Lthe rarid

reduction of that strest st Lhe time of each maJoﬁ sarthausbe,

and the subsesusst dradual re—accumulation of that stress.

The writer. therefore. in weighirg these Lo tupes of

eoldernce, feoals tom#elled Lo Flace little sidrniificarnce on Lhe

rorthesout comeretszional bhewsting aesomest becaase of the lack

of’ deomorptids eviderces for comFression along the Las FPositas

faalt.

This. howeyer, does rot rule out the rossibility that dhe

allecitos Hills hau@'bé&n Fushied west—southuwestward, rarsllel

o e

Las Positst fauli. angd have beern theust eeoebtbesst-cose-

southwest along the Veroma ardd Pleasanton faulte Tor Just the

Verona fault bw Herd s momenclature?. . Bul, there are 2 eroblems

with thiz intersretation:

1>

For thee threwsts that haua beer obeorved, i Lhe wicinita
of GETR. the mhaerued\alith@naide and stiistion directions

have twricallya beern morinal to the Rill fﬁﬂﬁt—PHISE .o

‘HSGEJ with only some aha@ﬁued o Lrend ae muach oz HeHE.

For- movenent. to e farallel to the Las Positas fault,
these should be taricallw HSEE Lo HOSE.

The thrusts have onlwe besn actusllo cobserved within the

area of the rostulated landslice. Thrust faulting should
codire alonsg the hili fﬁaﬁt to the nmrthwwét——that 15,
to the nortruest of trench T-2.  Hoo such eviderce haz besn
Tourd, anc Lrench . which was excavated for the pureoze

of” fiﬁdinﬁ st spidence, did et fFind arg.
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Howeroer, trench E was not sited st the best location for itse
interded Furerose. Hobe that the steer hill front. mhich‘maa hanse
Leen denerated ba o underlairg thewst fault, exterds forthwest-
wat~d onlw Lo Sucamore Roads then turns abreurtlo to Lthe morbheszt.
If thrust faultindg has brousdht about the steer Rill frort. then
that theust fault is FProbatdw of faet or terminsted bu g tegr
fault at Swcanore Road. Trenchind at the hill front. at s Fairt.
about. 1 kilometer southesst of Swucancre Road. would be much more
conclugive. I a thrust fault cocurs alond the Rill fraob. it
shiogld mot be difficult to expose it there, and there it o
evidence in Lthat area Tor larfe—scale landsliding which weuld
pase rroblems of irbererretation. I such tranﬂhiﬁﬂ did not
exFose & thrust Tault, themn the trenching could be exterded
ueslore to irvestisste the high-angle fagit as marFed by the
writeﬁ.

There iz anobther maahaniﬁm{ Pt eungidawedlhu EEns i oL
invest igatore, bo which thrusting mae have ccouwrred alond the
Uegtoms Fault in the wicinitm of GETR. but need rot haove accurred
alomg the Pleasarndon fault or ane other fault in the area. I
ke Pieaﬁantﬂn arad Williams fault are esaentiallw e sobie
right~latersl fault, with & left ster of about i kilometer at
the southern end of the Vallecitos hills. thern thrusting would
likelw accur in the wicinita of GETE because of the right-lateral
mocement. having to sccommodate Lhe left ster.

such comeression it common at lefi sters in right—ilateral
faulta in Califortiia, and the cerosite effect. extension and
derrescion. iz comon at right sters along such faults,

There are 3 limes of eviderce. howswver, Lhal aepest to ruls
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ol this pocsible mecharmiom:
{13 The ewidence for righb-lateral offset alons the Pleasarton

fault is wera waglk,

~
a
W

T euid&ﬁce tor right—latersl offset alomg the Williams
fault weakens to the morthwest. and the fauli cannot be
followed theoust to tie in with the rostulated Verons

et

-~
Gi

The direction of ths alicHewaidea and strigtions om Lhe
Hercma thrusts Ehwuld ref lect the southesstuward movenent
of Lhe urPer Pl%téﬁ*that‘iEJlthéH should trend betwsen

M1 A ahd Ha e, Imaiead; theo twricallw trend HEEE to H3GE.
Thereforg, the witer has to rate this rossible thrust fault

mecharism &t havind @ low Frobabilite,

Do The Exizternce of Larde—Scale Landslidingt

Thits it a critical auestion. because. if the landslide
| Jenrs. HQL‘EHiEL; theh‘teetunic thwuﬁtinﬁ‘mugt haﬁe ooctrred in
the GETR sres. The writer oigws the éxigtﬁnﬂe of am old large-
scale landslide comelex along Lhe E&nthmeatarn margin of the
Mallecitos hills éﬁ hauinﬁ‘a high rrobabd litw——sbout. 750 The
:mriter wiews Lhe geomorrhic evidence for the landelide as beinsg
stirong, althoush nﬁt -4u étﬁnns % bo be conclusive. Trenching.
W TaC IR failed‘to cord irm Lhe exiﬁﬂeﬁee‘mf the landslide. and
some inveetigabors ardus that the trenching corfirme that o
landslide does not exist. That. LFENChiﬁﬂa howesuer . had two
weshnesses in redard Lo its usefulness for the rurFose o which
it was being em#luued:

LY The trenches were too sl low. Those Lrenches were
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nominells 5 feet degr, &nd in ord=t a few Flaces did thew
exm@éd a'dépth of & feet. That iz insufficient fo- the
wecnanitiwmlbf shear rlanes Lhat are not strondly
develored, as would be the case for the tensional shesrs
tﬁat develor sh shallow derth in the headwusll area of a
lande licde.

(23 Within the trenches, below the soil profile. at least

two—thirds of the atratalencwuntewed Llivermore Oravels)
Were poc-ly consolidated sravels——as shown on the §oss.
Foorla consolidated dgravels are the ore seclodic material
that is mocst prone Lo not leaving ang wvicsibkle evidence
qf‘a sheas Flane afier having been sheared.  The shallow
trench derth would mabe it extremelws difficult to
recognize wesk shears in such materials.

Becauge of these weahnea#ee in Lthe wuse of trenching as an

inuwatiﬂétiue method in this case. the witer must Pu£ Ho-&

werd ght. on Lthe geomorebiic evidence tor larmdsilidins.

E. éea@nﬁw of” PMorsement, Hldnﬂ the Thrust Shezrss

Trie mueﬂﬁimn-nf monrermert. alorng the sheare in the vicinitw
ot GETE mas be addressed even in the abeerce of anw certairbty as
to the oridin af‘the thrusting. The weiter, in weighing the
eviderice.  sets the erobability of there having been 3 feet o
mmré =1 Holocermes of fset along amue of Lhe shears al s verw low
value-=—less thar (05, For smaller offset walues. 2aw Trom a e
inches to & foot, the rrobabilita st b cmnaidered o b
Frd st

H Eubﬁténtial eﬁntwmu&wau existe amorE the pariticiFants ¥

the GETR trerch irwestigstions as to whethér there has been
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signiticart. offget on ame of the thruét sheos during Holocens
time. The conbroversw stems from differences of oFimion as Lo
what was feen in the trench walle, and over what the trus ages
care of the goungest faulted soil harizqna. Mome of the euilderce
ﬁw aﬁﬂgmeﬁta Fresented bw the warious investigstors {as refererced
ard discussed earlier in this FER) are of & cogent mature——either
fmﬁ o adtzinst significant Holocene offzet. fAnd the weiter was
rot Fresert. &t the trench invest igaticns. = he carrmet difectlu
azsees that suiderce.

Howewer, there is one other line of euvidence hearind iy
this suesticn which has elicited little attentiors from the
#reuiWUﬁ iﬁueatiaatmﬁe. Mome of the exrosed thrust chears are
seoonFranied By srecific surface torostrarhic exeresczion in the
vicinity of their prodections to the sur-face.  The writer has
0mm“$dﬂmﬂmmemdwﬂ}ﬂﬁﬁﬂm1Mﬂw5ahmﬂLWuﬂ.HmH&
that dir as ahallmwlu as 26 degrees. so he harbors o doubts
that. theast faglts are QEP&&IE‘GF gwﬁﬁﬁatinﬂ sLach featiires.

Thiz indicates that the lazt significant movensrts slond the
‘GETH thrusts occurred o long ssa that ercsion has eliminated
‘@ﬁa&ntiallw all traces of £h@ zoares Lhat must have formed. O,
i1 movemert i% Frima-ile bw the erocess of creer o b mans
tmall increments of offsetb. ther the reate of that mauement 1%

far slower than the erosional rebe in that area,
This, thet, beds the questiont what is the erosiornal rate?

I it Tast eroudh in thit area for toecdrarhic features
dererotecd bo significant Holocene of feet Lo tiave beern comrletelw
eliminated? That arswer srrears to be no.

In this cate, the trerches rFrovided useful euvidence.
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The buwried dard red ralecscl. which has been estimated to be
miw-e Lhan 7E, 8668 wears old. was cbserwved to be nearls parallel
Lo the eresent ground surface in many of the trenches, This was
@aweciallu e ih trench E. where Lhe Pél@ﬂﬁﬂl was cbhserwed Lo
bz ﬁeaElw Faralel to the PP@E@HL.HPDUHQ surface along nearlu the
EﬁtiFE length of the trench. The northesstern third of the
tramnch extended QF & tlore that iz steerer Lham mars of the
sleres that are underlain bw thrust shearse in the vicinita of
GETR., wet the rarasllelism was ahaéwped to be msintained,
indicating a weryw aluw.rate of  eroeional médifiﬁatimﬁ of these
slores in thiz. area.

Fram this evidence. the writer must conclude that the rate
of ercsion in the ares dmwhéiape Trom the base of the hill fromt
hist been verw slow dureind Mol o ete tiM@;‘aﬁﬁ Lhét arrg of freet. of
those surfaces of more thén = qut.mw‘tmﬁ wold still be
torodrarhicalle wisible, Therefore the erobabilite of there
héuina beor ﬁmwe tharm a foot ﬂf.HﬁlmQEnE offset alorns the GETR

shestrs iz low,

F.‘Th@ Las Positas Fault:

Thiz faull is moderatelq wéll’ﬂafinéd alona Lthe northeasterme
most 3 kilometers of itse ocourrence within the La Costa Uallew
Auadrandle, bt to the ﬁnuthweﬁt‘ﬂf that part of the fauli its
definitiun Sraduzslly decreases.  The deomorebic eviderce for
offeet. alond this fault des: rot indicate Holocerw GPFEEL'QEQ@P£

rossible along the northeastermmost ome kilometer of the faulﬁ.
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G. The Williams Fault: Lo

The Williams fault, within the La Costa Usllew susdrandle,
i poorlw d@fined.at ita.nuwthm9¢tawn end. but. becomes
incressinglu better detired and more wothtul in aFFearance Lo
‘tha soubheast.  The ﬂeumnrphulmﬂu slons the sothessternmozt. 1 to
12 hllﬂmetEP= of the fault stiongly auﬂﬂezta gigniticeamt Hol ocere

of feat.

VITI. RECOMMENDATIONS FGR EﬁHiHﬁ

Twer alternative Eéta of recopmerdations are bereim diven for
Cthe zerirs of the Taults i the Uallecitos sres. This is because
of the lack, of CGWGIUEiVEHEEE‘iﬁ‘LhE evidence, amd the
uncertsinty as to Fow Fast, zmhinﬂ wm1icH shiould be arrlied in
thise Ccase, | o

The firet alternative. which recommerds adairst xhnina s
of the faglts excaﬁt the Williams fault. is based on the witer-z
assessmerit thal the thrust shears observed in the trerches are
mo-e likelw to héue ey eéuaed b landelidirg than faulting. The
seCorich altérnatiue; whiich recommend:s extersive zoning of the
thr Wit sheatrs. i*—:'.‘ basted on Lhe wview that the thruzi shesmt mas be
:PmiﬂfahadJW?Hﬁﬁtfmﬂh and that it iz better Lo err on
Lhe 5ide of safetw in this matber.

Derendind on the rolicw decisioms that are mace ., either

slternative is comsistent. wlth the canclusicons that are stated
earlier in this rerort. '

f. First Aliernatiove:
. ie recommended that the existing zone alons the Usirons

Tault Tas maermed bw Hall) b deleted, That. fault i too Poorlw
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detf imed. ewven in the Rill fromb ares where the writer concurs

with Hall o its location.  Purtherwmore, i that iz the locaticn
of the fault. thers iz no geamoirphiic evidence Tor Holocers
offeet..

I, is also recommerded that no zone be establizhed alors
tie LVetroha faulﬁ‘aa marFed bw Herd o bo Herd and Brabb ofizsuaee 22,
Thie recommerddation is baﬁ@d‘mn thie failure of that rostulated
Ver-ona fault Lo meel ow zoning criteria o bedng sufticientla
attive and well detined. In this altarnatiuea thig writer
interrrels hif‘aaaighment of 3 low rrobabilitw for the GETR
shwegt-t having been caused tw faulting 52 rerresenting = lack of
definition of the fTault. This is & aitﬁatimn whete 8 Frecedent
iz reeded but daeé nét axiaﬁf Ir sna case. the writer also
‘aﬁﬂiﬂﬁ% a law pFrobabd litw thet the rostulasted Uerona Tawit
th#uatﬁ have beern sctive during Holocene time. so it is
auestionable ze Lo whether o mob the "sufficientlys scotive!
criteriorn i¢ saticfied.

It is recowmerded that mo zere be establiched along the
Pleasanton fault s marred bw the writer), or the mortrwestors
extensior of ﬂh@ Uefﬂﬁa Tault (as marred e Herd. 19770, Both
Faults., if either exisit, are definitelw rot well defiped. o
exhibit no evidence Tor Holocens activitw,

Tt is recommended that ro zome be Eﬂtabliehed atorng the Las
Fm%ita& fault. Hlthouvah Lthe noetlescteromeet 3 o 4 Rl lometers
of that fault within Lhe Livermors suadrantgle i1 airly well
defined, the secwmorehic ewidence does rob indi&abe Mol acere
ot feet. EHQEEt'Pnﬁaihlu alnnﬂjthe‘eaﬂterﬁmmat kilometer. . The

writer. howewer: would rnot recommend zoning there unless the

Ve
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Pﬁﬁt.ﬂflthé fault zore eﬁtendinﬂ to the rortheazt in the next
Auadrangle o alan:examined o the #urpma@ of Zoming.

It‘ié recommerded that, z zmné'be eetablished alamg‘at least
e amutheaatawnmqat 3 kilometere of the Williams fault. The
secmarrhic euidence Tor of foet almhﬂ the southeasterrmost 1 to 2
khilomeleirs of the fault within tﬁﬁ La Costs Uallew ausdrandle is
gt 1o an“ﬁvd@w of" masrii tude more wothful in aprearance Lhan s
"auch & i dence that.ihe.writer haélmbéarued slomg the Uetrarms, |
Flessarton. or Laa Positas faulte. S@m@ of the festures alons
that part of the Willisme Tault are alwost certairlo the result

of Holocers offset.

B,iEEDDnd;hIL@WHHLiU@ﬁ

The recommendaticons for zorming élmnﬂ the Las Positas and
Williams Taulta are the same for this alterrnative as in the first
alterpative.  The witer mlac recommerids Lhat the sxisting zone
‘alunﬂ the U@Pnné Tault (s maered bu Hall) be deleted. for Lhe
LM FEeZEOnS s stated im the first aliernative.

Within the Ls Costa Usllew subsdransgle. it is recommericed
thiat. é zone be establiched Lo ercomrass all of the thrust shears
obierued in the GETR trenches. ﬁh‘the northesst, this zone

stioidld extend st least one-Touwth mile urslore Trom the booe of

the hill fromt., To the gouthesst it shouwld extend to Higbwaw 94,

and to the southwest it chould extend to encomezses the "lorwdslide
botindar=2" ehown on Figure 17, The lahdﬁlide bovundarw i chioser
because it madbs Lhe limit of anomslous geomoreholosy i that.

aresd AT the anomalous geomcrrhologw is ot the result of

lardelidirg, ther it Probabls marks bhe gouthwestern boundserw of
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e 1 oo mere b imbrieahe'ah&aré @F Ll threrwst Faulﬁ. |
Within the Livermore quadwéﬁﬂle, tﬁé weiter recommends that
= zmnea‘at least one—fourth milé wide, be certered over the base
of the hill front——esentially over the erané fault as marred by
Herd ard Brabb in that srea.  This zone should extend mo farther

to the morthwest than Socanore Avenue.
I¥,  ITHUESTIGATIMG GEOLAGIST S NMAME. DARTE

Diew P. Smith
Associste Geologist
March 31, 1981
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General Principal thrust Assoclated thrusts Total apparent
Trench location displacement,
number of thrusts Materials displaced and comments
Strike Dip Strike Dip
T=~1 At base of HBOW. 19 NE EW + 0-20 M Livermore Gravels Offsets Livermore Gravels
main ridge, Clder colluvium at least a few 10%s of feet,
3400 ft. ESE Paleo-B perhaps as much as 100 ft.
of GETR Stone line equivalent? or s0 {based on general
{Fault 1) appearance).
T-2 Base of mailn Principal thrust Hany thrusts, complex, Livermore Gravels
ridge, 5400 not identified chaotic, hipghly older celluvium
fr. HW of variable in attitude, Paleo-B {?) " "
GETR .but mainly low angle
(Fault 1) dipa. Bedding
' chaotically disturhed
over a distance of at o
leaat 1 £t L
a-1 Base of main N 30w | 0=-15 BE Wi 10-35 HE Livermore Gravels ———-—— > 40 Feet.
ridge, 420 {concave {(Imbrica- Older colluvium
ft. N of upward ) tions of Paleo-B - B-10 feet
GETR {Fault 1) main thrust) Stone line equivalent— about 2 feet
B-3 Base of main 15-20 HE N 60 W 10-15 HE Livermore.Gravelg ————- > 28 feet
ridge, 450 Older colluvium
ft. E of Paleo-B 10-11 feet
GETE (Fault 1) S5tone line————me———=—v ~ 2 feet
B-Z 1300 ft. SW ¥ i W | 15-30 HE N ag w 35 NE Livermore Cravels———--- »BD feet
of base of Older colluvium
main ridge, Paleo~E 6 feet
1050 fr. SW of Stone line—s=———we——ee—o e feet
GETR __[Fault 2
K 200 £, SW R8s w { i0-25 NE Hone noted Livermore Gravels Offsets Livermore Gravels
H-1 of base of . Older colluviuam " at least about 30 fr., per-
H=-2 main ridge, Paleo~-B {several) haps much more. At least 1
2400 fe. (Ho surface sodils in H) paleosols present belm;
i Adjacent Hi and H icate| thrust. Well expresse
?EE;?E EfTR pribable displaceﬁeiﬁg gf slicks striking M 30-40 E.
stone iine by a foot or so)
Table 1. Characteristics of thrusts exposed in the trenches. Reproduced from Table 1 of

Rice mnd others (1979).
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Figure 1. Study area for this fault evaluation report.
The area is in Alameda County, California, and lies
immediately to the east of the Calaveras fault. The
area lies within the Livermore and La Costa Valley 7%'
quadrangles., Map is modified from Rogers (1965).
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Figure 3. Loecation of the landslide mass, eroded head-
wall area, and main drainage divide, Vallecitos area,
California. Also shown are the locations of trenches
B-1, B-2, D, P, G, H, T-1, T-2, and T-3,
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2. Initial offset of erosional 5urface b. Continued fault offset, with erosion
underiain by Livermore Gravels. and dissection becoming more active.

Sw ' NE toe of sliae {‘9’"/9‘""?*"5’ NE

afé'/Dﬂ-#'-'f' tron éea’a/m; /c;;/:u, P

r—
— _-
-— _

]|
"--..___‘_‘_‘_
S, q
¢. Continued fault offset, more dissect- d. Faulting continues, sliding commences.
ion, and alluvial fan deposition.
Sw, . NE| | 8W pofiur NE
dislapce: aboul 3.5 kilsmeters relier:
< > aboutl 225 meters

I:’/ |

ey

e. Continued fault offset causes imbrica- f. Continued faulting, more imbrication,
tion at the toe of the.slide, dissection of the headwall begins.

Sw | NE| | sw NE

re/e?s e / ocetian

of GE?:E“) |
-

g. All processes continue. " h. Fault activity ceases, landslida essen-
tially stabilizes, erosicn continues.

Figure 4. Postulated sequence of events in the development of the Vallecitos
landslide. The sketches are diagrammatic, not to scale, and are meant to
convey what happened. Thay are rot meant to depict the exact structural
configuration of the landslide.
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Figure 5. Location of longitudinal profiles of drainages
and adjacent ridge spurs, Vallecitos area, California. . -
Drainage profiles D1 to D4 and ridge spur profiles o
Rl and R2 represent "control" profiles. The other
profiles extend southwestward across the main drainage ‘
divide and onto the landslide, &5 Y
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Figure 6a. Longitudinal profiles of drainages and ridge
spurs to the north of -the ‘main drainage divide,
These drainages have not been affected by any trunca-
tion processes. The dashed lines represent drainage
profiles and the solid lines represent profiles
along adjacent ridge spurs. Note the distinct
‘inerease in upward concavity in the drainage profiles
near the heads of the drainages.
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Figure 6b. Longitudinal profiles across the main
drainage divide. The dashed lines represent drainage
profiles and the solid lines represent profiles along
adjacent ridge spurs. Note the lack of increased
upward concavity near the heads of the northeastward-
flowing drainages.
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Figure 6c¢. Longitudinal profiles across the main
drainage divide. The dashed lines represent drainage
profiles and the solid lines represent profiles along
adjacent ridge spurs. Note the lack of increased
upward concavity near the heads of the northeastward-
flowing drainages., :
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Figure 7a. This is the same as Figure 6b except that
some of the profiles from the control drainages
ghown in Figure 6a have been superimposed (short
dashed lines) on these profiles. A "best fit" match
of the profile gradients was employed to show aApprox-
imately how much of the original heads of drainages
D5 through D7 has been truncated. ZPossible locations of
landslide slip planes are also shown,
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Figure 7b. This is the same as Figure 6c except that
some of the profiles from the control drainages
shown in Figure 6a have been superimposed (short
dashed lines) on these profiles. A "best fit" match
of the profile gradients was employed to show approx-
imately how much of the original heads of drainages
D8 and D9 was truncated. Possible locations of landslide
Blip planes are also shown.,
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Figure 8. Locations of topographic cross sections AA!
through Eg', '
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’ Figure 9. Topographic cross sectjons AA', BB', and CC'. Flgure 8 shows
the locations of these sections. Note the substantially lower relief
and pitch of the ridge and valley topography in section BB!, suggesting
less mature dissection In that area.
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Figure 10. Topographic cross sections DD’ and EE'. Flgure 8 shows the
locations of these sections. Both sections are across drainages that
have dissected slopes of approximately equal steepness. Note the
"sawtooth" cross sectional shape of the drainages at section EE',
as compared to the more '"sine wave'' shape in sectlon DD', EE' }s
taken across the aroded headwall area, and s characteristic of
erosion on slepes having 17ttle soll development. With more maturity,
and soil development, the "sine wave' cross sectional shape shown in
section DD' is more characteristic.
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Figure 11. Areal distribution of drainages in the Vallecitos area,
The triangles show the location of the maln, drainage divide, and
the dashed line shows the approximate boundary of the landslide
mass, Note that all drainages In the headwall area (betwqen the
main drainage divide and the landslide boundary) consistently flow
to the southwest, with none of the branching or perpendicular
tributaries that characterize the rest of the region.
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